Sensory and regulatory domains allow bacteria to adequately respond to 23 environmental changes. The regulatory ACT domains are mainly found in metabolic-24 related proteins as well as in long (p)ppGpp synthetase/hydrolase (SD/HD) enzymes.
Introduction 37
Bacteria use a wide range of sensory and regulatory domains to integrate 38 environmental signals. In response to nutrient limitation, most bacteria synthesize a 39 second messenger, the guanosine (penta) tetra-phosphate commonly referred to as 138 SpoT ∆ACT and SpoT D81G levels is likely a result of the positive feedback loop of 139 (p)ppGpp on spoT promoter. Indeed, P spoT displayed higher activity in strains 140 accumulating (p)ppGpp (ptsP L83Q and P xylX ::relA-FLAG) and lower activity in ppGpp 0 141 strains (∆ptsP, ∆ptsH and ∆ptsN), so that SpoT protein levels varied according to 142 (p)ppGpp levels (Figure 2 -figure supplement 1e-g) . Thus, the higher 143 concentration of (p)ppGpp detected in spoT ∆ACT cells may come from an inactivation 144 of HD activity, thereby suggesting that ACT is required for HD activity. To test whether ACT was required for HD activity, we first measured the endogenous 148 HD activity of SpoT in vivo (Ronneau et al., 2016) . To this end, we used C. 149 crescentus strains in which (p)ppGpp (i) cannot be produced anymore by the 150 endogenous SpoT since its SD activity has been inactivated with the Y323A mutation 151 (Boutte and Crosson, 2011) , but (ii) can be synthesized upon addition of xylose by a 152 truncated version of the E. coli RelA (p)ppGpp synthetase expressed from the xylose-153 inducible promoter (P xylX ::relA-FLAG) at the xylX locus (Gonzalez and Collier, 2014) .
154
Thus in these strains the only HD activity capable to degrade (p)ppGpp produced by 155 E. coli RelA was supplied by endogenous SpoT variants. In agreement with our 156 previous observations, inactivation of SpoT HD in such a background (spoT D81G Y323A; 7 FLAG) led to a (p)ppGpp accumulation, a G1 proportion and a growth rate similar to 163 the HD-dead mutant (spoT D81G Y323A; P xylX ::relA-FLAG), and this independently of the 164 presence of ptsP (Figure 3) .
165
These data strongly suggest that the ACT domain is strictly required in vivo for the 166 hydrolase activity of SpoT and that EIIA Ntr~P inhibits HD activity of SpoT by 167 interfering with the ACT domain. To test these hypotheses, we performed in vitro HD 168 assays with the full-length enzyme and mutants lacking the ACT domain (SpoT ∆ACT ) 169 or containing only the two catalytic domains (SpoT 1-373 ). We observed that full-length 170 SpoT could efficiently degrade [32P] ppGpp but the deletion of the ACT domain in both 171 SpoT ∆ACT and SpoT 1-373 strongly affected HD activity, since radiolabelled [32P] 
200
T18-EIIA Ntr and T25-Rel was strongly diminished in a Δnpr background (Figure 5b) .
201
This indicates that phosphorylation of EIIA Ntr also enhances the interaction with Rel.
202
We constructed single in-frame deletion of ptsP (SMc02437) and rel ( (Arenz et al., 2016; Brown et al., 2016;  233 Loveland et al., 2016) . When bound to the ribosome, RelA adopts an "open" 234 conformation, which is thought to relieve the inhibitory effect of CTD on its synthetase 235 (SD) activity and leads to (p)ppGpp synthesis (Gropp et al., 2001) . This "open" 236 conformation seems to be favoured by specific interactions between the ribosome 237 stalk, the A-site finger and the tRNAs with the CTD (Loveland et al., 2016) . Given the 238 conserved domain architecture of RelA and SpoT proteins, we propose that EIIA Ntr~P 239 modulates SpoT conformation to decrease its HD activity (Figure 6 ). Since ACT 240 seems to interact with itself, it is tempting to speculate that dimerization of ACT 
247
We also reported that SpoT ∆ACT is still able to increase (p)ppGpp concentration upon 248 nitrogen starvation by stimulating SD activity in a PTS Ntr -dependent way ( 
256
Besides C. crescentus, another α-proteobacterium, Sinorhizobium meliloti, uses 257 PTS Ntr to sense nitrogen starvation and to stimulate (p)ppGpp accumulation (Figure 10 6). We found that EIIA Ntr interacts with Rel (Figure 5a ) and that phosphorylation of 259 EIIA Ntr promotes this interaction (Figure 5b) . As glutamine also inhibits 260 phosphorylation of EI Ntr in S. meliloti (Goodwin and Gage, 2014), glutamine 261 deprivation likely leads to hyperphosphorylation of downstream PTS Ntr components, 262 favouring subsequent interaction between EIIA Ntr~P and Rel. In support of that, we 263 showed S. meliloti required EI Ntr protein to accumulate (p)ppGpp upon nitrogen 264 starvation (Figure 5c ), as previously shown for C. crescentus (Ronneau et al., 2016) .
265
In addition, we observed that the physical interaction between Rel and the 266 phosphorylated form of EIIA Ntr also occurs in another α-proteobacterium, 
275
The specific interference of (p)ppGpp with the G1-to-S transition of the cell cycle 
303
(ln(OD 660(B) )-ln(OD 660(A) )] and normalized according to the wild-type strain. E. coli 304 S17-1 and E. coli MT607 helper strains were used for transferring plasmids to C.
305
crescentus by respectively bi-and tri-parental mating. In-frame deletions were 306 created by using pNPTS138-derivative plasmids and by following the procedure 307 described previously (Ronneau et al., 2016) .
308
Bacterial two-hybrid assays
12
Bacterial two-hybrid (BTH) assays were performed as described previously in 310 (Ronneau et al., 2016) . Briefly, 2 µl of MG1655 cyaA::frt (RH785) and MG1655 
320
Reactions were then stopped by adding 500 µl of 1 M Na 2 CO 3 , and absorbance at 321 420 nm was measured. Miller Units are defined as (OD 420 × 1,000)/ (OD 590 × t × v),
322
where " OD 590 " is the absorbance of the cultures at 590 nm before the β- 
358
For hydrolase experiments (Figure 3C) , cells were incubated 1 hr in P5G 
411
RelA Ctep was incubated in TCEP 1 mM, MgCl 2 1 mM, NaCl 50 mM, Tris 10 mM at pH 412 7.4. Then, 100 µM GDP were added to the synthesis reaction and incubated for 10 413 min at 37 °C, followed by an addition of 3 pM [γ 32 P] ATP (PerkinElmer) incubated for 414 45 min, 37°C. 32P ppGpp was extracted from the reaction medium by centrifugation in 415 Amicon 3K Centrifugal filter (Millipore) at 13,000 x g for 25 min. The hydrolase 416 assays were performed by incubating for 10 min at 37 °C (i) 1 or 2 µM of SpoT 1-373 or
417
SpoT ∆ACT (Figure 4a) , (ii) 1 µM of SpoT with increasing concentrations of EIIA Ntr ,
418
EIIA Ntr H66A or EIIA Ntr H66E (5, 10 and 20 µM) (Figure 4b-c) or (iii) 1 µM of SpoT with 20 419 µM of purified EIIA Ntr~P (Figure 4 -figure supplement 1) . The reaction mix was 
585
[32P] ppGpp incubated with EIIA Ntr variants alone were added as controls.
586
(d) Phosphorylated EIIA Ntr fully protects ppGpp from hydrolysis by SpoT.
587
Radiolabelled [32P] ppGpp incubated with 1 µM SpoT in the presence of 2.5 µM EIIA Ntr 588 with of without EI Bs (2.5 µM) and HPr (2.5 µM) was separated by TLC.
589
The star "*" indicates a [32P] ppGpp intermediate degradation. [32P] ATP and [32P] ppGpp 590 were used as references. 
597
Error bars = SD, n = 3. The same strains were spotted on MacConkey Agar Base 598 plates supplemented with 1% maltose. Plates were incubated for one day at 30 °C.
599
The red color indicates positive interactions. 
